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INTRODUCTION 
Deoxyribonucleic Acid (DNA) is pretty unusual in the sense that it 
is the only common molecule capable of directing its own synthesis. It 
usually consists of two complementary polymeric chains twisted about 
each other in the form of a regular double helix, with the diameter of the 
helix about 20 A ,^ and each chain making a complete turn every 34 A*^ . 
There are 10 nucleotides on each chain and the distance per nucleotide 
base is thus 3.4 A". The strictness of these pairing rules results in a 
complementary relation between the sequence of bases on the two 
interwined chains. For example, if we have a sequence ATGTC on one 
chain the opposite chain must have the sequence TACAG. In contrast to 
the ratios of A/T and G/C, which always be 1 to satisfy the base pairing 
rules, there are wide variations in the (A+T)/(G+C) contents of the 
different DNA molecule. Higher plants and animals all have an excess of 
A+T over G+C in their DNA whereas among the viruses, bacteria and 
lower plants there is much more variation and both (A+T) rich and (G+C) 
rich species occur. These variations, however, are not purely random, and 
the base ratios of the taxonomically related organisms are quite similar. 
DNA molecule with a high G+C content are more resistant to 
thermal melting than (A+T) rich molecules. When double-helical DNA 
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molecules are heated above physiological temperatures (To near 100^  C), 
their hydrogen bonds break and the complementary strands often separate 
from each other (DNA Denaturation). Because the G-C base pair is held 
together by three hydrogen bonds, higher temperatures are necessary to 
separates (G+C) rich strands than to break apart (A+T) rich molecules. At 
intermediate temperatures or in the presence of destabilizing agents such 
as alkali, the DNA molecule can be partially denatured. In this case those 
regions of the double helix relatively rich in A-T base pairs melt apart, 
while regions rich in G-C base-pairs retain their double helical structure. 
The chromosomes of prokaryotes contain DNA molecules with 
unique (nonrepeated) base-pair sequences. That is each gene is present 
only once in the genome. If prokaryotic chromosomes are broken into 
many short fragments, each fragment will contain a different sequence of 
base pairs. The chromosomes of eukaryotes are much more complex in 
this respect. Certain base sequences are repeated many times in the 
haploid chromosome component sometimes as many as a million times. 
DNA containing such repeated sequences, called repetitive or satellite 
DNA often represents a major component 20% - 50% of the eukaryotic 
genome. 
Different molecular markers are also found on the DNA such as 
(1) Restriction Fragment Length Polymorphism (RFLP), it is generated 
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by the presence and absence of a recognition site for the same restriction 
endonuclease in the same region of a chromosome from the different 
individuals of a species. Restriction endonucleases are bacterial enzymes 
that recognize specific 4, 5, 6, or 8 base pair (bp) nucleotide sequences 
and cut DNA wherever these sequences are encountered, so that changes 
in the DNA sequence due to indels (insertions and deletions), base 
substitutions, or rearrangements involving the restriction sites can result 
in the gain, loss, or relocation of a restriction site. Digestion of DNA with 
restriction enzymes results in fragments whose number and size can vary 
among individuals, populations, and species. Traditionally, fragments 
were separated using Southern blot analysis (Southern, 1976), in which 
genomic DNA is digested, subjected to electrophoresis through an 
agarose gel, transferred to a membrane, and visualized by hybridization 
with specific probes. 
The potential power of RFLP markers in revealing genetic 
variation is relatively low compared to more recently developed markers 
and techniques discussed below. Indels and rearrangements of regions 
containing restriction sites are perhaps widespread in the genomes of 
most species, but the chances of such an event happening within any 
given locus under study should be rare. The major strength of RPLP 
markers is that they are codominant markers, i.e., both alleles in an 
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individual are observed in the analysis. Because the size difference is 
often large, scoring is relatively easy. The major disadvantage of RFLP is 
the relatively low level of polymorphism. In addition, either sequence 
information (for PCR analysis) or probes (for Southern blot analysis) are 
required making it difficult and time-consuming to develop markers in 
species lacking known molecular information. 
(2) Random Amplified Polymorphic DNA (RAPD) - RAPD procedures 
were first developed in 1990 (Welsh and McClelland, 1990; Williams et 
al., 1990) using PCR to randomly amplify anonymous segments of 
nuclear DNA with an identical pair of primers 8 - 10 bp in length. 
Because the primers are short and relatively low annealing temperature 
(often 36 - 40° C) are used, the likelihood of amplifying multiple 
products is great with each product (presumably) representing a different 
locus. Because most of the nuclear genome in vertebrates (in Humans 
97%) is non-coding, it is presumed that most of the amplified loci will be 
selectively neutral. Genetic variation and divergence within and between 
the taxa of interest are assessed by the presence or absence of each 
product, which is dictated by changes in the DNA sequences at each 
locus. RAPD polymorphisms can occur due to base substitutions at the 
primer binding sites or to indels in the regions between the sites. The 
potential power is relatively high for detection of polymorphism; 
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typically, 5 - 2 0 bands can be produced using a given primer pair, and 
multiple sets of random primers can be used to scan the entire genome for 
differential RAPD bands. 
RAPDs have all the advantages of a PCR-based marker, with the 
added benefit that primers are commercially available and do not require 
prior knowledge of the target DNA sequence or gene organization. 
Multilocus amplifications can be separated electrophoretically on agarose 
gels and stained with ethidium bromide, although higher resolution of 
bands has been achieved with discontinuous polyacrylamide gel 
electrophoresis (dPAGE) and silver staining (Dinesh et al., 1995), a 
somewhat costlier and more labour-intensive method. Other advantages 
of RAPDs are the ease with which a large number of loci and individuals 
can be screened. RAPD makers have been used for species identification 
in fishes (Partis and Wells, 1996) and mollusks (Klinbunga et al., 2000; 
Crossland et al., 1993), analysis of population structure in black tiger 
shrimp (Tassanakajon et al., 1998) and marine algao (Van Oppen et al., 
1996), analysis of genetic impact of environmental stressors (Bagley et 
al., 2001), and analysis of genetic diversity (Wolfus et al., 1997; 
Hirschfeld et al., 1999; Yue et al., 2002), analysis of genetic structure of 
Astyanax altiparanae (leuzzi et al., 2004) 
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Shortcomings of this type of marker include the difficulty of 
demonstrating Mendelian inheritance of the loci and the inability to 
distinguish between homozygotes and heterozygotes. In addition, the 
presence of paralogous PCR product (different DNA regions which have 
the same lengths and thus appear to be single locus) limits the use of this 
marker. Finally, RAPD markers are subject to low reproducibility due to 
the low annealing temperature used in the PCR amplification. These 
difficulties have limited the application of this marker in fisheries science 
(Wirgin and Waldman, 1994). 
(3) Amplified Fragment Length Polymorphism (AFLP) - AFLP is a 
PCR-based, multi-locus fingerprinting technique that combines the 
strengths and overcomes the weakness of the RFLP and RAPD methods 
discussed previously. Like RFLPs, the molecular basis of AFLP 
polymorphisms includes indels between restriction sites and base 
substitutions at restriction sites; like RAPDs, it also includes base 
substitutions at PCR primer binding sites. The unique feature of the 
technique is the addition of adaptors of known sequence to DNA 
fragments generated by digestion of whole genomic DNA. This allows 
for the subsequent PCR amplification of a subset of the total fragments 
for ease of separation by gel electrophoresis. Its primary target of genetic 
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variation is the same as RFLP, but instead of analyzing one locus at a 
time, it allows for the analysis of many loci simuhaneously. 
Like RAPDs, AFLP markers are inherited as dominant markers, 
although software packages are now available for co-dominant scoring of 
AFLP bands. Co-dominant scoring is possible when using well-
characterized families, but is difficult for population studies. This can be 
overcome by cutting out individual bands of interest from an AFLP gel, 
sequencing them, and designing locus-specific primers for each band, in 
effect generating anonymous, single-copy nuclear DNA markers. 
The major strengths of the AFLP method include large (over 100) 
numbers of revealed polymorphisms, high reproducibility due to high 
PCR annealing temperatures, and relative economy on a per marker basis. 
It is more expensive than RAPDs, but because large numbers of loci can 
be analysed from a single run, the cost per marker is reduced 
significantly. Like RAPDs, it does not require any prior molecular 
information and thus is applicable to any species. Its major weakness 
includes the need for special equipment such as automated gene 
sequencers for electrophoretic analysis of fluorescent labels, traditional 
electrophoretic methods can also be employed but they require the use of 
radioactive labels or special staining techniques such as silver staining. 
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(4) Variable Number of Tandem Repeats (VNTRs) - VNTRs are 
dispersed throughout the genome and are made up of a variable number 
of end to end duplication of identical or almost identical sequences of 2 -
80 bp each. Polymorphism in VNTRs is usually associated with the 
number of repeats i.e. different individuals show different distribution 
pattern of repeated sequences in the different alleles, the VNTRs are 
generally classified into two groups (i) Minisatellites are usually 0.2 to 
2 kb long and consist of tandem repeats of 15 to 60 bp sequences, (ii) 
Microsatellites are short DNA fragments of usually less than 100 bp and 
are made up of tandem repeats of 2 to 7 bp. Abundant in all species, 
studied to date, microsatellites have been estimated to occur as often as 
once every 10 kb in fishes (Wright, 1993). Microsatellites tend to be 
evenly distributed in the genome on all chromosomes and all regions of 
the chromosome. They have been found inside gene coding regions (Liu 
et at., 2001), introns, and in the non-gene sequences. The best known 
examples of microsatellites within coding regions are those causing 
genetic diseases in humans, such as the CAG repeats that encode 
polyglutamine tract, resulting in mental retardation. Most microsatellite 
loci are relatively small, ranging from a few to a few hundred repeats. 
The relatively small size of microsatellite loci is important for PCR-
facilitated genotyping. Generally speaking, microsatellites containing a 
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larger number of repeats are more polymorphic, though polymorphism 
has been observed in microsatellites with as few as five repeats (Karsi et 
al., 2002). 
Microsatellite polymorphism is based on size differences due to 
varying number of repeat units contained by alleles at a given locus. 
Microsatellite mutation rates have been reported as high as 10" per 
generation (Weber and Wong, 1993; Crawford and Cuthbertson, 1996), 
and are believed to be caused by polymerase slippage during DNA 
replication, resulting in differences in the number of repeat units 
(Levinson and Gutman, 1987; Tauzt, 1989). Direct studies of human 
families have shown that new microsatellite mutations usually differed 
from the parental allele by only one or two repeats (Weber and Wong, 
1993). However, in a few fish species, we have observed alleles with very 
large differences in repeat numbers, predictive of an infinite allele model 
(Balloux and Lugon, 2002). Regardless of specific mechanisms, changes 
in numbers of repeat units can result in a large number of alleles at each 
Microsatellite locus in a population. 
(5) Single Nucleotide Polymorphism (SNP) - SNP describes 
polymorphisms caused by point mutations that give rise to different 
alleles containing alternative bases at a given nucleotide position within a 
locus. Such sequence differences due to base substitutions have been well 
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characterized since the beginning of DNA sequencing in 1977, but the 
ability to genotype SNPs rapidly in large numbers of samples was not 
possible until the application of gene chip technology in the late 1990s. 
SNPs are again becoming a focal point in molecular marker development 
since they are the most abundant polymorphism in any organism, 
adaptable to automation, and reveal hidden polymorphism not detected 
with other markers and methods. 
Traditional methods available for SNP genotyping include: direct 
sequencing, single base sequencing (Cotton, 1993), allele-specific 
oligonucleotide (ASO) (Malmgren et al., 1996), denaturing gradient gel 
electrophoresis (Cariello et al., 1988), Single Strand Conformational 
Polymorphism assays (SSCP) (Suzuki et al., 1990), and ligation chain 
reaction (LCR) (Kalin et al., 1992). Each approach has its advantages and 
limitations, but all are still useful for SNP genotyping, especially in small 
laboratories limited by budget and labor constraints. Large-scale analysis 
of SNP markers, however, depends on the availability of expensive, 
cutting-edge equipment. 
Restriction endonucleases are bacterial enzymes that recognize 
specific 4, 5, 6 or 8 base pair nucleotide sequences and cut DNA 
wherever these sequences are encountered, these specific sites are called 
restriction sites. The vast majority of DNA molecules present in the 
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aqueous protoplasm of living cells exist in Watson-Crick double-helix. 
This Watson-Crick double helix DNA is B form of the DNA. The B-form 
is the conformation that DNA takes under physiological conditions (in 
aqueous solutions containing low concentrations of salt). However, DNA 
is not a static, invariant molecule. To the contrary, DNA molecules 
exhibit a considerable amount of conformational flexibility. 
The structures of DNA molecules change as a function of their 
environment. The exact conformation of a given DNA molecules or 
segment of a DNA molecule will depend on the nature of the molecules 
with which it is interacting. In fact, intracellular B-form DNA appears to 
have an average of 10.4 nucleotide-pairs per turn, rather than precisely 
10. In high concentrations of salt or in dehydrated state DNA exists in the 
A-form, which has 11 nucleotide-pairs per turn. It is very unlikely that 
DNA molecules ever exist in the A-form in vivo. Recently, certain DNA 
sequences have been shown to exist in a unique left-handed double 
helical form called Z-DNA (Z for the zigzagged path of the sugar-
phosphate backbone of the structure). The helix of A and B-form DNA 
are wound in a right handed manner. Moreover specific segments of 
DNA molecules can undergo conformational shifts fi-om the B-form to 
the Z-form and vice versa. 
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In all fishes, DNA is found in the chromosome as a major 
component, the total DNA in the bony fishes is 6 x 10* to 9 X 10^  bp. 
Different vertebrate groups has different DNA amount such as -
Cartilaginous fishes - 3 x 10^  to 8 x 10^  bp. 
Amphibians - 8 x 10* to 9 x lO" bp. 
Reptiles - 2 x 10^  to 9 x 10%p. 
Birds - 2x l0^ to9x l0%p. 
Mammals - 3 x 10^  to 5 x 10%p. 
The survey of literature showed a successful investigation of 
number of genes in many vertebrate individuals till today. In Puffer fish, 
Tetradon nigroviridis this number reached to 27,918 (Jaillan, et al., 
2004). In the other individuals like chicken the genes counting is from 
20,000 to 23,000 and in mammal (Humans) it is approximately 30,000 
(NIH / National Human Genome Research Institute, 2004). The counting 
of genes in some other animals is under investigation. The DNA, which is 
present in these genes, codes the total protein in the organism, it is 
approximately 3% of the total DNA. 
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OBJECTIVE OF THE STUDY 
The master organelle of the cell, the nucleus contains the genetic 
material in the form of DNA. This molecule is responsible for all the 
genetic activities and contains the blueprint of all cellular functions. All 
cells of multi-cellular organism of a particular species contain equal 
amount of DNA except certain modifications such as the number of 
repeats of short DNA stretches in different individuals and methylation of 
base-pairs etc. These modifications are responsible for inactivation or 
activation of certain sets of genes in a particular tissue. To know the 
structure and Sanction of DNA, it is pre-requisite to get DNA in pure 
form from the organism concerned. Genome (Haploid DNA content) 
analysis is necessary for individual identification, species conservation, 
parental testing and also in forensic science. In fishery science, isolation 
of DNA and its detailed study is very important to prevent declining 
population of some fish species diversity, conservation and enhancement 
of fish food. In unicellular organisms DNA is isolated from the whole 
organism and there is no option to choose best tissue for DNA. But in 
multi-cellular organisms mainly in higher (tissue grade) organisms there 
are several options in the form of different tissues for DNA isolation. In 
this case it is important to know what tissue is suitable for DNA isolation 
which may give sufficient DNA yield with high quality. 
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Objective of the Study 
The aim of proposed study is to find out suitable tissue for DNA isolation 
from a freshwater catfish, Heteropneustes fossilis. The survey of 
available literature reveals that no systematic and detailed attempt has 
been made to assess the suitability of different body tissues of different 
organs to achieve high quality and sufficient quantity of DNA for 
different experimental purposes. 
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MATERIAL AND METHODS 
(A) Taxonomic Status of the catflsh, H.fossilis 
Class - Pisces 
Subclass - Osticthyes 
Order - Siluriformes 
Family - Heteropneustidae 
Genus - Heteropneustes 
Species - fossilis 
(B) Collection and care of fish 
Specimens of H. fossilis were obtained from the local fish market of 
Aligarh. They were kept in glass aquaria (23 x 10 x 12 cm) containing 
fresh tap water and the lighting schedule at 12 hr of light (08:00 to 20:00 
hr) alternating with 12hr of darkness (20:00 to 08:00). Fish (body weight 
50-100 gm) were acclimated to laboratory conditions for about 15 days 
prior to initiation of experiments. During this period they were fed 
adlibitum, and water in the aquaria was renewed daily with aged tap 
water adjusted to the laboratory conditions. 
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(C) Tissue collection 
(i) Blood Collection: - two ml blood was collected from healthy 
specimens of both sexes by puncturing caudal artery and the blood was 
directly put in 18 ml of lysis buffer (appendix-I) and kept in ice till use. 
(ii) Collection of other tissues:-The fish was dissected and the following 
tissues were collected and weighed to nearest grams and were 
immediately frozen in liquid nitrogen and put in deep freeze till use. The 
following was the weight of the different tissues collected: Kidney (whole 
0.270mg), gill ( 0.232gm), spleen (0.131gm), brain (0.145gm), liver 
(1.56gm), muscle (lateral side 2.6gm) and ovary (0.835gm). 
(D) Isolation of DNA 
(i) Isolation of DNA from blood- the mixture of blood and lysis 
buffer(l:9) was centrifuged at 3000 rpm for 15min, supernatant was 
discarded and pellet was suspended in 100 |xl of 10% SDS (appendix-I) 
and 5 ml of nuclease buffer(appendix-I). To this, 5^1 of 5>. proteinase K 
(20mg/ml) (appendix-I) was added. It was mixed thoroughly and kept at 
37°C for overnight. Six ml of Tris saturated phenol was added after 
overnight incubation, then it was gently shaken and to it 6 ml of 
chloroform: Isoamyl alcohol (24:1) was added. It was then mixed gently 
and centrifuged at 3000 rpm for 15 min and aqueous phase was carefully 
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separated. To this aqueous phase, 6 ml of phenol and 6 ml of chloroform 
isoamyl alcohol (24:1) were added and centrifuged at 4000 rpm for 10 
min. Same step was repeated twice. In the finally separated aqueous 
phase, 1/10 of the volume of 3 M Na- acetate was added. It was mixed 
and twice the volume of chilled distilled ethanol was added. As soon as 
ethanol was added white clustered clouds appeared, this was then taken 
out with the cut 1 ml tip, transferred into ependorff tube and dried in 
speed -vac. It was reconstituted immediately in 1 ml TE (10:1) buffer. 
(ii) Isolation of DNA from other tissues- All the tissues were 
homogenized in cold lysis buffer by hand operated glass homogenizer in 
an approximate volume of 20 ml buffer. They were then balanced and 
spun at 4000 rpm for 5 min to make the pellet. The supernatant was 
discarded and pellet of each tissue was suspended in 6 ml of nuclease 
buffer, to which 300 \i\ of 10% SDS and 6 \i\ of proteinase k were added. 
This was incubated at 37^ C overnight and was extracted twice with equal 
volume of phenol (7 ml) by centrifuging each time at 4000 rpm for 10 
min and the aqueous phase was removed. Subsequently, it was further 
extracted twice by adding 6 ml of chloroform: isoamyle alcohol (24:1) 
in each tube, shaking gently for brief period , keeping for 15 minutes and 
spinning at 6000 rpm for 20 min the resultant supernatant was separated, 
mixed with 3 M Na- acetate (1/10 of extracted volume) and chilled 
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absolute ethanol (1.5 times of extracted volume). It was kept at 20°C for 
sometime, spun briefly and supernatant was discarded. The pellet was 
dried in speed-vac. The DNA was reconstituted in the following volume 
of TE (10:1) buffer. Brain- SOO^ il, Kidney- IOOOJAI, Liver- 2000 i^l, 
Spleen- lOOO i^l, Ovary- 2000|il, Gill- 500^1, Muscle - 1000|il. 
(E) Assessment of concentration and quality of DNA 
Quality of extracted DNA was estimated by ultraviolet absorbance 
spectrophotometry at 260 nm, at which wave length an absorbance (A260) 
of 1.0 corresponds to 50 |xg of double stranded DNA per ml. The quality 
of the DNA was assessed by running it on 1% minigel agarose 
electrophoresis followed by Ethidium Bromide Staining. 
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FLOW CHART OF DNA EXTRACTION FROM BLOOD OF THE 
CATFISH, H. FOSSILIS 
18 ml lysis buffer and 
2 ml blood 
Centrifuge at 3000 rpm 
for 15min 
Separate pellet & mix 10% SDS (100^1), 
nuclease buffer (5 ml) «& 5ml proteinase k 
Incubate overnight at 37°C 
Add 6 ml of tris saturated phenol & 24:1 
chloroform isoamyl alcohol (6 ml) 
Centrifuge at 3000 rpm for 
15 min 
Separate aqueus phase & add 6 ml of phenol & 
6 ml of chloroform isoamyl alcohol 
Centrifuge at 4000 rpm for 10 
min (Repeat same step for two 
times) 
Mix 3M Na-acetate (1/10 volume of aqueous 
phase) to the separated aqueous phase & add 
twice the volume of chilled distilled ethanol 
White DNA clustered clouds 
appear 
Take out with the cut 1 ml tip & transfer into 
Eppendorf tube, keep it in speed-vac of drying 
Reconstitute it with 1ml of 
(10:1) TE buffer 
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FLOW CHART OF DNA EXTRACTION FROM DIFFERENT TISSUES 
OF THE CATFISH H.FOSSILIS 
Appropriate volume of lysis 
buffer & tissue 
Homogenize it by hand operated glass 
homogenizer 
Centrifuge at 4000 rpm for 5 
min 
Separate pellet & mix 10% SDS (300^1), 
nuclease buffer (6 ml) & 6 jil proteinase k 
Incubate overnight at 37°C 
Add 7 ml of phenol 
Centrifuge at 4000 rpm for 
10 min (repeat same step for two times) 
Add 6 ml isoamyl alcohol to the separated 
aqueous phase 
Centrifuge at 6000 rpm for 20 
min (repeat same step for two 
times) 
Mix 3M Na-acetate (1/10 volume of aqueous 
phase) to the separated aqueous phase & add 
twice the volume of chilled distilled ethanol 
White DNA clustered clouds 
appear 
Take out with the cut 1 ml tip & transfer into 
Eppendorf tube, keep it in speed-vac of drying 
Reconstitute it in appropriate 
volume of (10:1) TE buffer 
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RESULTS 
The DNA extracted from eight different tissues (blood, kidney, 
gill, liver, brain, ovary, spleen and ovary) showed that the highest 
concentration among solid tissues was found in the kidney, which was 
almost comparable to that of the concentration obtained from the blood. 
The concentration (|xg/|xl) calculated from the OD at 260nm wavelength 
as described previously (Table-1&2), was highest in kidney (3.1 \ig/\i\), 
which as per decreasing yield from different tissues was gill (2.82 \ig/^\), 
liver (0.773 ng/^il), ovary (0.276 ^g/}il), brain (0.194 \ig/\i\), muscle 
(0.045 jig/nO and spleen (0.043 \ig/\i\). The DNA extracted from blood 
recorded the concentration of 2.86^g/^l. 
Since the wet weight of each tissue was different, the total DNA 
yield will be different which has to be converted into a uniform unit (per 
gram wet weight) in order to compare the absolute yield. Based on the 
above method, the yield thus calculated was again found highest in 
kidney (11.518 mg) followed in decreasing order in the other tissues was 
gill (6.077 mg), liver (0.99Img), brain (0.668 mg), ovary (0.661 mg), 
spleen (0.328 mg) and muscle (0.017 mg). The yield from 1 ml blood was 
found to be 1.430 mg. These results have been depicted in Table 1 and 2. 
Since the highest yield was in kidney, the relative yield calculated on the 
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(58.8%), liver (8.6%), brain (5.8%), ovary (5.7%), spleen (2.8%) and 
muscle (0.2%). Figure 2 depicts the above results. 
The quality of the extracted DNA calculated on the basis of 260/ 
280 ratio shows a range of 0.9608 - 2.007. The best quality of the DNA 
should show a value equivalent to 1.7-2.0. Tissues that show closest to 
the good quality DNA are blood, kidney, gill, liver, brain, ovary while 
spleen and muscle do not give the good quality DNA (see Table no. 1 
and 2 for details). Agarose gel electrophoresis for evaluating quality 
check shows that none of the extracted DNA exhibits any degradation 
which is evident from a crisp thick band close to the loaded well. Had the 
gel been degraded, there would have been a smeary trail on the gel (see 
Fig 3«& 4) 
The effect of RNAase treatment on the DNA samples was also 
observed. It was found that the DNA from the solid tissues without 
RNAase treatment was run on agarose gel, it clearly showed two bands 
and the one running ahead of DNA sample was RNA since it was of low 
molecular weight (fig 3a). However, when the DNA samples were treated 
with RNAase A (10 mg/ml) Ijxl in the sample and then run on gel, only 
DNA band appeared (Fig 3 b). In the case of blood no RNA 
contamination was observed hence RNase treatment was not required 
(Fig 4). 
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Figure 3: Quality check Agarose gel electrophoretic run of the 
DNA extracted from different tissues of the catfish, 
H. fossil is 
(a) Prior to RNAase treatment 
(b) After RNAase treatment 
Lanes: 1 (Brain), 2 (Gill), 3 (Liver), 4 (Kidney), 
5 (Ovary), 6 (Muscle) & 7 (Spleen) 
LANES: 1 
Figure 4: Quality check Agarose gel electrophoretic run of the 
DNA extracted from blood of the male and female 
catfish, H. fossilis 
Lanes: 1, 2, 3, 6, 7, 9,10 - Female catfish DNA 
4, 5, 8 - Male catfish DNA 

DISCUSSION 
For any molecular genomic analysis the first and foremost 
requirement is high quality DNA. This required quality of DNA helps in 
providing precise estimation in any study made at the molecular level, i.e. 
the analysis of the fish genome at the molecular level made it possible to 
have their genomic profile which can be used for different purposes like 
stock and individual identification, conservation and management of fish 
population etc. The survey of the literature shows that in most of the 
studies the DNA extracted from the tissues such as blood (Majumdar et. 
al., 1997; Liu et. al., 1998; Dong et. al., 1998), muscles (Bielawaski et. 
al., 1996; Cagigas et. al., 1999; Kanda et. al., 2001) and liver (Menezer et. 
al., 1993; Callijas et. al., 1998; Peter et. al, 1989) were preferred. But 
several other tissues like gill filaments (Fishback et. al., 2000), heart 
(Heist and gold, 2000), ovary (Dahle and Eriksen, 1990) and brain (Rico 
et. al., 1991) have also been used for such studies. In some other studies, 
several body parts like fin (Bardakcl et. al., 1993), operculum punches, 
(Beacham et. al., 2001), scales (Lage et. al., 2001), dorsal spine (Reusch 
et. al., 2001), eyes (Menenzes et. al., 1993) and fry (Jody et. al., 1998) as 
a whole have been used for this purpose. 
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Before choosing a particular tissue as a source for extracting genomic 
DNA, it is essential to have a complete idea regarding the quality and the 
total amount of the DNA extracted from that source. In the present study, 
DNA was extracted from both solid and liquid tissues. Extraction was 
done with seven solid tissues such as kidney, gill, liver, brain, ovary, 
spleen, muscle and one liquid i.e. blood, employing phenol-chloroform 
extraction protocol. 
In certain situations, the availability and the source of DNA to be 
extracted is subjected to considerable limitations. For instance, in forensic 
analysis of the rape or murder case, the DNA can be extracted from the 
residual tissue which are found at the site of occurrence. In such cases it 
is mostly obtained from the vaginal swab samples in the case of suspected 
rape and hair, nail or dried blood spots etc in case of murder. In such 
instances if there is long time lag between the occurrence of the crime 
and the collection of the tissue for DNA extraction, it is likely to under go 
considerable degradation thus not being suitable for confirmatory 
analysis. Another serious limitation that may occur in such situations is 
the extremely low yield of DNA as a resuh of highly insufficient quantity 
of the available tissue. The latter limitation can, however, be 
circumvented by the availability of PCR technology. 
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In the present study, we have observed that kidney has give the best yield 
(11.518 mg /gm of wet tissue) followed by in decreasing order by gill 
(6.077), liver (0.991), brain (0.668), ovary (0.661), spleen (0.328) and 
muscle (0.017). However qualitative assessment on the basis of 
electrophoretic analysis exhibit that each solid tissue seems to have 
yielded good quality DNA with the exception of gill where a slight 
degradation, as evident from a mild smear, is seen. Additionally, the other 
parameter of purity i.e. the optical density ratio at 260 nm and 280 nm 
clearly showed that kidney, gill, liver, brain and ovary exhibited the most 
acceptable ratio ranging between 1.7 to 1.9. Surprisingly, spleen and 
muscle which otherwise show a crisp DNA band in the electrophoretic 
run do have protein contamination in the extracted DNA which is evident 
from less than 1.5 ratio at 260/180 wave length comparison in both cases. 
It is clear from the aforesaid discussion that it is not desirable to depend 
only on one parameter to judge the quality and the robustness of the DNA 
molecule. While the OD at 260/280 will indicate the protein 
contamination in the sample, it may not necessarily be visible in the 
electrophoretic analysis. Furthermore, the yield alone may not be a 
sufficient or logical basis to determine the suitability of the tissue to 
obtain DNA. This is dependent on a variety of complex factors but 
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quality and the quantity will obviously be the two most important 
determining factors. 
The factors, which are responsible for the fluctuation in the amount 
of extracted DNA from different tissues could be many. One such factor 
is the nuclear/cytoplasmic ratio which is different in different tissues. 
Tissues with larger nuclear/ cytoplasmic ratio give more DNA in 
comparison to those tissues which have smaller ratio. Another factor, 
which affects the DNA yield from various tissues is the compactness of 
the tissue. In the more compact tissues, the cells are strongly adhered or 
firmly attached to each other necessitating more stringent conditions such 
as use of detergents to shear and homogenize them. As a result, the DNA 
of these cells becomes sheared due to the application of such rigorous 
conditions seriously impairing the quality and quantity of the extracted 
DNA. Logically, like more compact tissues, less compact tissues also 
give low quantity of DNA due to less number of cells per unit area 
despite the fact that the cells of these tissues are loosely adhered to each 
others and only moderate conditions are required to shear and 
homogenize them. In comparison to these two types of tissues (i.e. less 
and more compact) mildly compact tissues give high amount of DNA 
with good quality due to the simple fact that these tissues have large 
number of cells in comparison to less compact tissues and less force is 
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required to homogenize them as compared to more compact tissues. 
Among analyzed seven solid tissues, kidney gives highest yield with 
good quality because it has mildly compact cells. The cells of liver and 
ovary are more compactly adhered to each other as compared to kidney 
resulting low yield of DNA. However in other analysed tissues as gill, 
muscle, spleen and brain the yield is very low due to their less compact 
structure. Additionally the yield of the extracted DNA is expected to be 
high in case of a tissue with active cell division. Actively dividing tissue 
is likely to have more number of nuclei, therefore giving more DNA than 
resting tissue. On the basis of results obtained in the present study, it can 
be concluded that kidney and gill are the most suitable tissues for 
extracting DNA based on its qualitative and quantitative judgment. 
Yet another significant outcome of the present study is the fact that 
the blood, among the liquid tissues, is an extremely good source for 
extracting high quality and sufficient quantity of DNA particularly from 
the fish. The reasons for this good quality and quantity of DNA 
particularly from the fish blood could be many. Fish blood, unlike 
mammalian blood, has got nucleated RBCs which are comparatively 
several times more than the WBCs per unit area. Hence the DNA in the 
fish blood will be contributed both by RBCs as well as WBCs unlike in 
mammalian system where only WBCs are nucleated and are the source of 
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DNA. In the present study we were quite surprised to find tremendously 
high yield of DNA from the fish samples so much so that the precipitated 
DNA could easily be picked rolling it around a glass rod thus eliminating 
the step of centrifugation for pelleting purpose. The blood also provides 
relatively clean DNA because it would not require the use of stringent 
conditions to rupture the blood cells. This is an additive advantage as 
compared to the procedure adopted for extracting DNA from solid 
tissues. Another factor defining of the suitability the blood as the source 
of extracting DNA is the fact that it has virtually no contamination of the 
RNA as seen in the case of the DNA extracted from the solid tissues. This 
additional advantage will obviate the use of RNAse treatment of the 
extracted DNA thus making the procedure much more simple and cost 
effective. 
The aforesaid discussion has clearly established that among the 
solid tissues kidney and the gill are the best source for the DNA 
extraction and the blood undoubtedly a more desirable source for the 
reasons explained above. The significance of this study lies in the fact 
that this study has focused on this important aspect for the first time in a 
systematic and comparative manner. 
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INTRODUCTION 
In molecular biology, "junk" DNA is a collective label for the 
portion of the DNA sequence of a chromosome or a genome for which no 
function has been identified. About 97% of the human genome has been 
designated as junk. While much of this sequence is probably an 
evolutionary artifact that serves no present day purpose, some of it may 
function in ways that have not yet been discovered; and indeed, recent 
studies have suggested functions for certain portions of what has been 
called junk DNA, The "junk" label is, therefore, recognized as something 
of a misnomer. 
Broadly, the science of functional genomics has developed widely 
accepted technique to characterize protein-coding genes, RNA genes, and 
regulatory regions. In the genomes of most plants and animals, however, 
these together constitute only a small percentage of genomic DNA (less 
than 2% in the case of humans). The function of the remainder, if any, 
remains under investigation. It is notable that overall genome size, and by 
extention the amount of junk DNA, appears to have little relation to 
organism complexity. The genome of the unicellular Amoeba contains 
more than 200 times the amount of DNA in human, while the pufferflsh 
(Fugu rubripes), genome is only about one tenth the size of the human, 
yet seems to have a comparable number of genes. Most of the variance 
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appears to lie in the what is now known only as junk DNA. Geneticists 
were striving since long to know the exact function of the junk DNA. 
There are many concepts about the occurrence of junk DNA in the 
genome such as (1) it may act as a protective buffer against genetic 
damage and harmful mutations. If an overwhelming percentage of DNA 
is irrelevant to the metabolic and developmental processes, then it is 
unlikely that any single, random mutation to the nucleotide sequence will 
affect the organism. (2) it may provide a reservoir of sequences from 
which potentially advantageous new genes can emerge. In this way, it 
may be the genetic basis for evolution. Over time many mutations 
accumulate, most of which, will affect the junk DNA and not the 
functional DNA. Furthermore these mutations may change part of the 
junk DNA until they become functional, thus giving the organism a new 
feature or attribute. (3) Junk DNA serves the role as "meta DNA" being 
involved in the development of an organism from embryo to adult and 
finally it may contain some functions that are as yet unrecognized. 
Most of the junk DNA is identified as repetitive DNA or satellite 
DNA, it is catagorised into two classes, minisatellite and microsatellite 
which is also collectively known as VNTRs. Minisatellites are usually 0.2 
to 2 kb long and consists of tandem repeats of 15 to 60 bp sequences. 
Jeffreys et al. (1985) first used minisatellite as molecular markers, 
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following their initial discovery by Wyman and White (1980). They are 
distributed throughout the chromosome but the concentration is higher on 
sub-telomeric region than rest of the chromosome. In humans 90% of the 
minisatellites are found at the sub-telomeric regions and, therefore, they 
do not constitute a good marker system for human genome despite the 
great degree of polymorphism exhibited by them. 
The simultaneous investigation of variation at many minisatellite 
loci i.e. muhilocus DNA fingerprinting studies of pedigree have 
demonstrated that this variation is inherited in a mendelian fashion 
(Wright, 1993). Multilocus fingerprinting was first used in forensic 
application and in paternity assessment in humans (Jeffreys et al. 1985). 
However, the technique was soon applied to a range of fish species and 
fishery related questions. Nevertheless, as the bands cannot be assigned to 
any particular locus, it is generally not possible to test mating patterns 
within populations against Hardy-Weinberg expectations. Moreover 
problems were often reported with reproducibility across gels. 
Investigation of variation at a single minisatellite loci i.e. single locus 
DNA fingerprinting is a good method for the study of individual 
identification and to find out the genetic variability within and among 
populations but it is more labour intensive than using microsatellite DNA 
fingerprinting. 
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These drawbacks restrict the use of minisatellites in the molecular 
biology as good marker of the DNA. Now another satellite DNA, the 
microsatellite is widely used in molecular biology as a molecular marker. 
Microsatellites consist of multiple copies of tandemly arranged simple 
sequence repeats (SSRs) that range in size from 1 to 6 pairs (e.g. ACA or 
GATA) microsatellites have been detected within the genome of every 
organism so far analyzed, and are often found at frequencies much higher 
than would be predicted purely on the basis of base composition. This has 
been shown formally for TA repeat in yeast (Walle, 1993) and polypurine 
and polypyrimidine tracts in a variety of genomes (Behe 1987, 1995). 
The genomic distribution of microsatellites is best known in humans and 
mice. Higher resolution mapping suggests a more or less even 
distribution over both genomes at the gross level, although even the 
highest resolution maps contain some long gaps and low density regions 
near telomeres. It has found by in situ hybridization technique (Jaijser et 
al., 1987; Zheng et al., 1993) that the higher concentration of 
microsatellite DNA is located on X chromosome compared to autosomes 
in Drosophila and Anopheles gambiae. Study of the silkworm genome 
indicates that microsatellites are widely distributed in this genome. They 
have also been found inside gene coding regions (Liu et al 2001), introns, 
and in the non gene sequences. The best known examples of 
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microsatellites within coding regions are those causing genetic diseases in 
humans such as, Fragile X mental retardation syndrome which is 
associated with a cytogenetically detectable folate sensitive fragile site at 
Xq 27.3. 
This disease was shown to be caused in most cases by a CGG 
repeat expansion in the 5' untranslated portion of an RNA-binding 
protein coded for by the FMRl gene. Myotonic dystrophy or dystrophia 
myotonica (DM) is associated with a CTG repeat expansion in the 3' 
untranslated part of a protein kinase gene. Kennedy's disease, 
Huntingtons disease, dentatorubral-pallidoluysian atrophy and 
spinocerebellar ataxias, all of the disease are associated with specific and 
distinct patterns of neurodegeneration (Ross 1995). In each case the 
disease is caused by a abnormal expansion of a transcribed CAG 
trinucleotide tract, which is translated into a polyglutamine 
stretch.Historically, the term microsatellite has often been applied solely 
to repeats of the dinucleotide motif CA (GT) (Lett and Luty, 1989; Weber 
and May, 1989) and a variety of other names have been used to describe 
tandemly repeated sequences, including simple sequences and STRs 
(short tandem repeats). This leads to potential conftision, especially in 
literature searching. The term microsatellite has now become by the most 
common designation for these kinds of sequences, and it is probably 
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appropriate to be adopted for a general usage. It may be appropriate to 
use the term simple sequences to describe all sequences based on repeats 
of short motifs. Microsatellite have been traditionally classified according 
to the nature of the repeat as perfect (without interruptions such as 
CACACACACACA), imperfect (with one or more interruptions such as 
CACACACTGTTACACACA) or compound (adjacent tandem repeats of 
a different sequences such as CACACAGTGTGTCACA). 
For the past few years the minisatellite and microsatellite DNA has 
shown their relevance in the field of biological science for example they 
have solved a number of disputed cases in fishery science as well as other 
biological sciences. The mini and microsatellite DNA have their wide 
application in population genetics, where they have been used to quantify 
the genetic variation which shows the diversity of that particular species. 
The data obtained is thus used for the management and conservation of a 
species if it shows low variation. The satellite DNA in fishery science is 
also used for stock identification, phylogenetic analysis, hybrid 
identification, breeding programme, population survey and 
characterization of genetic biodiversity. 
In the genome of the organisms some DNA sequences are 
conserved from lower to higher organisms. The most common conserve 
sequence is CA-GT di-nucleotide repeat, this simple repetitive sequence 
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is widely interspersed in the eukaryotic genomes, including yeast, insects, 
fish, amphibians and mammals and it is estimated to occur even 20-30 kb 
on average. Evolutionary analysis on microsatellites has shown a wide 
variety of conservation, about 30% of human microsatellites are 
conserved in rodents (Stalings et al. 1991). GATA-GACA is another class 
of repetitive DNA which is evolutionary conserved in various groups of 
eukaryotes from yeast to mammals and six-linked in many of these 
species. Tandem repeats of GATAs and GACAs hybridize with sex 
chromosomes of evolutionary separated species, for example to the 
W chromosome of birds, to the X chromosome of Drosophila 
melanogaster (Singh et al., 1981) and to the Y chromosome of the mouse, 
they also occur on autosome but are usually more interspersed than on 
sex chromosome. In the moth Ephestia kushnella (with well differentiated 
sex chromosomes) the sequences have been found to hybridize only to 
the autosomes. GATA-GACA repetitive sequence was found in rainbow 
trout (Marilyn et al., 1989). These evolutionary sequences are detected by 
PCR-technique and southern blot hybridization. Most of the conserved 
regions do not appear to code for proteins, but may instead play a 
regulatory role. 
Evolutionary theory suggests these sequences may be so central to 
mammalian biology that even small change in them would compromise 
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the animals fitness and conservation of regions shows which regions are 
functionally important. The higher the degree of conservation the more is 
the likelihood that the region is involved in some function that is heavily 
interwined with many aspects of cellular function or development. 
Evolutionary conserved sequences are required for the insulation of the 
vertebrate HoxD complex in neural cells (Kimita et al., 2002), noncoding 
sequences conserved in a limited number of mammals are frequently 
functional (Doherty et al., 2004), some human and mouse conserved 
noncoding sequences involved in coordinate regulation (Martin et al., 
2004). These studies indicate that the evolutionary conserved sequences 
definitely have some regulatory role to play in different cellular 
processes. It is 'therefore' worthwhile to find out the evolutionary 
conserved sequences in different organisms using contemporary 
molecular biology tools and techniques. 
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OBJECTIVE OF THE STUDY 
In the portion of Junk DNA some sequences are evolutionary 
conserved in different groups of organisms, such as CA-GT dinucleotide 
repeat is conserved from yeast to mammals (Hamada et al., 1982) and 
GATA-GACA repeat (Marilyn et al., 1989). These sequences are 
detected in comparative genomics. It is a highly promising direction for 
studying the function of Junk DNA. Biologically functional sequences 
tend to undergo mutation at a slower rate than nonfunctional sequence. 
For example, the coding sequence of a human protein-coding gene is 
typically about 80% identical to its mouse ortholog (derived from the 
same ancestral DNA sequence), while their genomes as a whole are much 
more widely diverged. Thus, analysing the patterns of conservation 
between the genomes of different species can suggest which sequences 
are functional, or at least which functional sequences are shared between 
those species. Several studies have been done previously to find out the 
functions of these kinds of sequences such as some highly conserved 
sequences play an important role in the regulation of gene activity (Kell 
et al., 2001) and comparative sequence analysis methods, using mouse 
and human genomic sequence, have identified regions of conserved non-
coding sequence that can be shown experimentally to play a role in 
transcriptional control (Loots et al., 2000, Wasserman et al., 2000). Some 
of these conserved sequences may play an important role to find out 
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evolutionary relationship among species, which makes it is important to 
detect these sequences. 
Against the backdrop stated above, the first and the foremost 
requirement is to assess the existence of various conserved sequences in 
different groups and among the same group in different genera. This will 
give the idea of inter- and intraclass variations in the occurrence of these 
conserved sequences. This information will be immensely useful to 
ascribe the functional significance, if any, to these conserved sequences. 
The survey of the literature reveals that such information is fragmentary 
and limited to the comparison of only few closely related classes of 
animals. In the present study, attempt has been made to uncover the 
existences of these sequences covering a much wider spectrum of animal 
kingdom ranging fi-om as low as bacteria to the higher evolved mammals. 
To the best of our knowledge, no such systematic attempt has far been 
made and hence this study assumes special significance. Since the 
information on these conserved sequences is extremely limited in fishes, 
efforts have been made to study the occurrence of these conserved 
sequences in different species of fish fauna. An additional aspect of this 
study is to determine the gain or loss of specific conserved sequences in a 
particular species as a consequence of geographical separation. We have 
employed slot-blot approach to unravel the above-mentioned aspects. 
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MATERIAL AND METHODS 
(A) Slot-Blot: One |xg of the DNA (extracted as described in part-I) was 
dissolved in 100 fil of the 1:0.1 TE buffer (see appendix-1). Five 
Whatman blotting paper sheets (3 mm) pre-weted in 2x SSC (Appendix-
II) were fixed into the slot-blot apparatus and nylon/N.C. membrane pre-
weted in 2x SSC was fixed above these whatman sheets. After this 100 i^ l 
of 2x SSC was added into each slot which was sucked for 10 minutes by 
a vacuum pump with a pressure of 100 vacuum. Five |il of the loading-
dye was added into each DNA tube and the DNA was denatured by 
keeping it in boiling water for 10 minutes followed immediately by 
quenching in ice for 15 min. It was then spun for a short time so as to 
settle it at bottom. Hundred \x\ of 2x SSC was added into each slot which 
was sucked by pump for 15 minutes at 100 vacuum and the filter was 
carefully detached and the DNA was fixed in auto-crosslinker mode in 
UV crosslinker (stratagene, model no. 2400) at 254 nm wavelength. 
(B) Kination of probe: One fil of kinase buffer (appendix-II) 10 pmol of 
the required probe, 1 fil polynucleotide kinase and appropriate volume of 
autoclaved H2O were added into the eppendorff tube to make up the total 
valume of 10 |il and was spun for a short time. Four \xl of ^^ P was added 
into the eppendorff tube inside the hood and it was kept at 37°C for one 
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hour. Kination was terminated by adding 100 \i\ of 10:1 TE (pH- 8.0). 
DE 52 was mixed with overlying buffer and 500 jil of the slurry was 
added in a plastic biorad column which must reach upto 0.2 marks. The 
residue was washed by 1ml of TE (10:1) for three times and elute was 
discarded. The residue was washed by 1 ml x3 times of 0.2 M NaCl in 
TE and the elute was carefully discarded. The residue was again washed 
by 1 ml 1 M NaCl in TE (10:1) and the elute containing ^¥ labeled 
probes was detected in a stopper tube. The counts of probes such as 
ISOOO-cpm/^ l for GATA-18 and 18286-cpm/^l for GATA-24 were 
obtained by applying the formula, OD of the probe at 260nm/ extinction 
cofficent. 
(C) Hybridization of the membrane: Hybridization buffer (appendix-
II) was heated at 40°C until it becomes clear (-40 minutes). The 
membrane was boiled in bottle having Ix SSC (Appendix-II) for 5 min at 
100°C and it was rinsed by Ix SSC at room temperature after this the 
filter was transferred into another bottle. 10 ml of hybridization fluid was 
filtered through 0.45 millipore and added into bottle containing filter and 
it was kept at 40°C until used. 
The bottle was kept in incubator at 55°C and the 75 |il of double 
distilled water was added into the probe then it was centrifuged for few 
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seconds. The probe was locked and heated at 100°C in hot dry bath for 5 
minutes followed by quenching in ice for 3 minutes. It was tapped by 
finger and centrifuged for few seconds then about half of the 
hybridization fluid was discarded. Required quantity (555 i^l for GATA-
18, total counts 10 million cpm and 500 i^l for GATA-24, total counts 10 
million cpm) of the labeled probe was added into the bottle containing 
filter avoiding air bubbles and the bottle was put into hybridization oven 
for 16 hours. 
(D) Washing of the membrane: After hybridization process got over 
the membranes were washed in 2x SSC with 0.1% SDS (appendix II) for 
20 min at room temperature and the radioactivity was monitored before 
and after washing (before wash 30k-300 and after wash 30K-100). 2x 
SSC was discarded in ^^ P disposal cane and 200 ml prewarmed Ix SSC 
with 0.1% SDS was added. The membrane was turned upside down for 
many times, and counts were monitored (1 OK-100). It was kept at 55°C 
water bath for one hour. Ix SSC was discarded into container (Same step 
was repeated again), Ix SSC was discarded into container and Ix SSC 
was again added then it was kept at room temperature. 
(E) Autoradiography: The membrane was fixed on the used X-ray film 
and the cassette (14"xl7") was selected with two intensifying screen. X-
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ray film of appropriate size was kept on the membrane then intensifying 
screens were placed over this. The cassette was marked and it was 
covered by polythene and kept -80°C. After this the cassette was brought 
to room temperature and the X-ray film was dipped in developer for 2-3 
minutes. After developing, film was washed thoroughly then treated with 
fixer solution for 8-10 minute. Finally it was washed and air dried. 
(F) Restriction digestion and termination: Restriction digestion was 
carried out for DNA samples of 14 catfishes (7 males and 7 females), 
each sample contained 7 ng of DNA. First of all megamix (77 \i\) was 
prepared for all the samples by adding the following components: 294 
units of Alu-I (8 units/fil), enzyme (37 \i\) and NEB I buffer (appendix II) 
35 jxl. After the preparation of megamics, 5 \i\ of it was mixed in each 
tube containing 7 jig of DNA and a uniform 7.5 \i\ DDW was added into 
each tube. All contents of each tube were mixed properly and they were 
incubated at 37°C for nearly 17 hours. 
Termination: 0.5 ^1 of 0.5 M EDTA (appendix II) and 2.5|xl of loading 
dye were added into each tube, then it was heated at 65°C for 5 minutes 
and quenched in ice. After overall process it was brought to room 
temperature before loading into the wells of the gel. 
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(G) Electrophoresis: 1% agarose gel was prepared in 0.5x TBE 
(appendix II) and the same buffer was circulated in the electrophoretic 
tank. The gel was submerged with TBE buffer and the denatured DNA 
samples were loaded into each well with ependorff tips. Appropriate 
marker was loaded in the last well for estimating the fragment size. 
Electrophoresis was initiated with 80 volts for 1 hour followed by 45 
volts for 4 hours and finally at 40 volts for 16 hours. Dye-front served as 
the indicator of migration of the loaded samples on the gel. 
(H) Southern Blot/Transfer of DNA on nitrocellulose membrane: 
First of all the DNA of the gel was depurinated with 2.5% HCl for 15 
minutes at room temperature. After this it was denatured in 0.5 N NaOH 
for 30 minutes at room temperature, then it was neutralized in 3 M 
sodium acetate (pH 5.4) (appendix II) for 30 minutes. Three (1 mm) 
whatmant filter papers (twice the length of gel) and six 3 mm filter papers 
(exact size of the gel) were cut. After this two borosil glass trays were 
kept 6 inch apart from each other and a glass plate was put in such a way 
that it overhangs both the trays. All the three 1 mm filter papers 
(mentioned above) were wetted in 20x SSC (appendix II), these filter 
papers were put one over another in such a way that their ends remain 
dipped in both the trays. Then all air bubbles were removed from these 
filter papers. After this the gel was put over filter paper and the 
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membrane already wetted in 20x SSC was put over the gel. Now the 
whole thing was covered with Saran wrap and it was cut out, as the exact 
size of the nitrocellulose membrane (this saran wrap prevents the 
evaporation of 20x SSC during prolonged period of the transfer). After 
above mentioned process six (3 mm) filter papers (wetted in 20x SSC) 
were kept over the nitrocellulose membrane one by one and air bubbles 
were removed with the help of pipette. Now a thick pack (8 inch in 
height) of rough blotting sheets was put over filter sheets (3 mm). After 
this process a glass plate was put on the thick pack of the rough blotting 
sheets and a 500 gms weight was put on the glass plate, then it was left 
for 18 hours. 
Termination: All the filter sheets were carefiilly removed and 
nitrocellulose membrane was picked up with forceps. It was rinsed in 
2x SSC (appendix II) for two times and placed on the 3 mm filter sheets 
in such a way that DNA side remains up (the side which was in contact 
with gel) and the DNA was fixed in auto-crosslinker mode in UV cross 
IMer (stratagene, model no. 2400) at 254 nm wavelength. 
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In the first experiment i.e. the zooblot (fig. 1), the hybridization 
pattern of GATA-24 probe (labeled with ^^ P) was observed in different 
organisms such as male and female catfish, Japanese Tilapia mossambica 
(fi-eshwater as well as sea water), Tilapia nilotica. Rainbow trout, Tilapia 
mossambica (Indian), lamprey (petromyzon), human, E. coli and X phage. 
The hybridization pattern was observed at three different exposure times 
at 6, 24 and 48 hrs. On the basis of careful observation of hybridization 
pattern at 6 hours exposure time, it becomes evident that female catfish 
DNA showed the highest intensity which as per decreasing order of 
hybridization intensity was male catfish, T. mossambica (Indian), Man, 
Rainbow trout, Tilapia nilotica and lamprey. The DNA extracted fi-om 
E. coli and X phage reveals no signal at this exposure time. However at 
with the 24 and 48 hours exposure time using the same blot, the same 
hybridization pattern of intensity was found as mentioned above except in 
the case of human male where there was a complete loss of signal. The 
increase in the intensity of hybridization appeared directly proportional to 
the exposure time except in the one case as mentioned above. 
The differential exposure time revealed that 24 hours of exposure 
with the presently kinated probe appears most suitable, since with 
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increase of exposure up to 48 hours produce bloated blots. On the 
comparative basis among different fish species, catfish showed the most 
intense signals followed by Tilapia mossambica (Indian), Rainbow trout 
and Tilapia mossmbica (Japanese). It is surprising that the same species 
of Tilapia inhabiting different geographical location is displaying varying 
degrees of signals. 
In the second experiment i.e. the southern blot two probes (GATA-
18 and GATA-24) were used against the restriction digested genomic 
DNA with Alu I. The results showed distinct polymorphic individual 
specific bands pattern with no evidence of sex-specific hybridization with 
any of the two used probes (Figs. 2 & 3). Most of the resolvable bands 
were in the size range of 4-23 kb in both the probes. While the DNA 
between the range of 2-3 kb remained largely unresolved and presented a 
smeary pattern. 
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Figure-2: DNA fingerprinting of Indian catfish, H. fossilis 
(Bloch) obtained by southern blot hybridization of genomic 
DNA digested with Alu-I and hybridized with GATA-18 
probs. Lanes 1-7 represent female and 8-14 male catfish 
DNA samples respectively. 
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DISCUSSION 
In order to determine the functions of the DNA molecule in all over the 
genome several strategies have been employed such as matching of the 
polypeptide chain of a protein (with known function) to a stretch of DNA 
in the genome, to know the exact function of this portion of DNA in the 
genome. But this technique is limited only for the coding DNA. It is not 
capable to determine the functions of the non-coding DNA such as the 
portion of the genome which was called previously as Junk. Now recently 
a new technique, the comparative genomics has come into existence 
which facilitates the comparison of similarities and differences among the 
genomes of the closely as well as distantly related organisms. Definitely 
comparative genomics is a potentially powerful method to identify the 
functional regions of the genomes (Drake et al., 2005). Coding regions 
are strongly conserved across species but comprise only ~ 1.5% of the 
genome (Drake et al., 2005). Comparisons of mainly mammalian but also 
non-mammalian genomes demonstrate that a substantial fraction of non-
coding sequence (~ 3%) is also strongly conserved (Drake et al., 2005). 
Now several conserved sequences have been detected in different 
organisms from virus to mammals. 
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GATA - GACA minisatellite sequences, which consist primarily of 
tandem repeats of GATAs and (or) GACAs. Initially GATA-GACA 
sequences were isolated as a minor satellite from the DNA of the banded 
krait snake (Singh et al., 1980). 
The same sequences were hybridized extensively to the 
W chromosomes of female snakes as well as on the autosomes, but they 
were less concentrated on the autosomes. These sequences have been 
detected in the several eukaryotes and are as diverse as yeast and man and 
are sex linked in many of these species (Epplen, 1980; Singh et al., 1980; 
Jones and Singh, 1985). Accumulated tetra-nucleotide sequences have 
been postulated to be an early step in sex-chromosomes differentiation 
(Jones and Singh, 1982). Tandem repeats of GATAs and GACAs have 
been successfully hybridized with sex chromosomes of evolutionary 
separated species, for example W chromosomes of birds (Jones and 
Singh, 1985), X chromosomes of Drosophila melanogaster (Singh et al., 
1981) and Y chromosomes of the mouse (Epplen et al., 1982; Jones and 
Singh, 1982). They also occur on the autosomes but are usually more 
interspersed than on sex chromosomes (Jones, 1983). In the moth 
Ephestia kuehnella (with well differentiated sex chromosomes) the 
sequences have been found to hybridize only to the autosomes (Traut, 
1987). In addition to the above mentioned animals the occurrence of these 
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conserved sequences have also been found in various rodent species and 
man (by hybridization to metaphase chromosomes with conventional 
cloned or with synthetic probes) (Schafer et al., 1986; Nada et al.,1988; 
Vogeletal., 1988). 
Although the number of GATA-GACA sequences varies 
considerably even among closely related species, every animal DNA 
investigated to date has contained these simple repeats (Epplen et al., 
1984; Jones et al., 1984; Jones et al., 1985). Several hybridization studies 
on GATA-GACA sequences have been performed using cloned or 
uncharacterized un-cloned conventional probes. The first such probe, 
called Bkm - DNA, was derived from the minor satellite of Bungarus 
fesciatus (banded krait) (Singh et al., 1981). The survey of literature, 
regarding the conserved sequences in animals has shown the ubiquitous 
occurrence of the GATA-GACA sequences. These sequences are also 
reported in some plant genomes, such as tomato and rice. Three 
polymorphic (GATA)4 - harboring loci viz. 0SIA6, OSIHIO and OS2E7, 
containing 7-13 motifs were identified from a genomic library of a 
cultivated rice, Oriza sativa using oligonucleotide probe (GATA)4. 
Attempts to find out relative abundance of the GATA-GACA sequences 
have been made by Epplen et al., in 1988. They indicated the decreasing 
order of hybridization intensity of the (GACA)4 probe in mouse, man, rat 
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and frog. The hybridization intensity of the (GATA)4 probe was found in 
decreasing order as mouse, frog, man and rat (Epplen, et al. 1988). 
Following the occurrence and relative abundance of the GATA-
GACA conserved sequences in different vertebrate groups, it is highly 
relevant to ascertain the possible functions of these sequences. 
Surprisingly it was found in subsequent studies that GATA-GACA 
repeats are sex specifically arranged in males of a species with male 
heterogamety such as mouse (Ohno et al., 1981; Singh et al., 1981; 
Epplen et al., 1982). This led immediately to extensive speculation on the 
relevance of these sequences for sex determination in the heterogametic 
sex (Singh et al., 1981; Chandra el al., 1985). To validate such 
speculations, it is necessary to determine whether there is a strict linkage 
of GATA-GACA repeats to the heterogametic sex chromosomes, i.e. a 
specific accumulation of these sequences of a special arrangement on the 
sex chromosomes. The sex- chromosomal distribution of GATA-GACA 
sequences will therefore be conserved, starting from lower vertebrates 
and ending with man, with special reference to well-studied rodent 
genomes. In some species of mouse, a well marked sex-specific 
arrangement of GATA-GACA sequences with accumulation on Y 
chromosomes has been found (Singh et al., 1981; Epplen et al., 1982). 
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For the reasons discussed previously it seems appropriate to view 
the GATA-GACA sequences not as isolated simple repeats but as true 
family members of conserved sequences. On the basis of the aforesaid 
discussion we can conclude that among these conserved sequences some 
elements are involved in some kind of regulation of the functionally 
related genes and sex determination in different organisms. 
(CA)n, it is another simple repeat conserved sequences. This 
microsatellite appears to be the most abundantly distributed among all 
animal species (Hamada et al., 1982) and it also seems to be 
quantitatively pre-dominant in average mammalian genomes. These 
conclusions were drawn from experiments with cloned viral (CA)n 
hybridization probe (Jeang et al., 1983). These results could be confirmed 
by employing the single base specific (CA)8 probe and the 
complementary (GT)8 oligonucleotide. On the basis of the genomic 
organization of the CA repeats, it has been hypothesized that they assist 
in enhancing gene expression of adjacent genes (Hamada et al., 1982; 
Hamada et al., 1984) or in forming telomeres (Rogers, 1983). 
Runx genes encode the sequence-specific DNA binding subunit of 
a heterodimeric transcription factor, the defining feature of which is the 
Runt domain, a highly conserved 128 amino acid sequence involved in 
DNA-binding, heterodimerization, nucleotide binding, and nuclear 
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localization (Kagoshina et al., 1993; Crute et al., 1996). The Runt domain 
is named after the first member of the family to be discovered, 
(Drosophila melanogaster). Runx genes have also been discovered and 
functionally characterized in mammals, sea urchins and nematodes, and 
in general are involved in the transcriptional control of developmental 
processes (Wheeler et al., 2000; Coffman 2002). In humans, mutations in 
each of the three Runx genes are associated with the disease caused by 
defective control of cell proliferation and differentiation (Lund, 2002; 
Coffman et al., 2003). Most studies of Runx gene function and regulation 
have been carried out in mammals and in Drosophila melanogaster, each 
of which has multiple Runx genes. It is not currently known how the 
Runx gene family evolved, nor is it known how many Runx genes the 
first animal possessed. 
The survey of available literature published on evolutionary 
conserved sequences has shown that these genes are conserved among 
different groups of organisms. Among deuterostomes, mouse and 
pufferfish each contains three Runx genes, while the tunicate Ciona 
intestinalis and the sea urchin Strongylocentrotus purpuratus were each 
found to have only one Runx gene. Among potstones, C. elegans has a 
single Runx gene, while Anopheles gambiae has three and 
D. melanogaster most probably has four genes (Rennert et al., 2003) 
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Another interesting significant outcome of tlie comparative 
genomics becomes evident from the comparison of two vertebrate 
genome at the two opposite extremes i.e. Human and Zebra fish. This 
genome comparison using parameters of more than 70% identity and 
more than 80 bp in length identified a total of 6.5 x 10"* conserved 
elements. These elements include coding as well as non-coding conserved 
elements, out of these elements only 4799 (7% of the original data set) 
are conserved Non-coding sequences and only 258 sequences are ultra 
conserved (i.e. they are conserved, without base pairs alteration in 
different genomes). The survey of the literature reveals that out of these 
above-mentioned ultra conserved elements, 10 non-coding evolutionary 
conserved sequences confer the ability to modulate tissues specific 
transcription from the cMLC2 promoters (Shin et al., 2005). 
Several other studies have also shown that non-coding sequences 
that are conserved between humans and fish frequently correspond to 
elements with enhance activity (Zerucha et al., 2000; Ghanom et al., 
2003). Although this does not exclude the possibility that a large fraction 
of the sequences that are conserved only among mammals are also 
enhancers, it does highlight the practical use of distant species 
comparisons, in that they maximize the likelihood of choosing non-
coding sequences for analysis with a measurable biological activity. 
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Mutation in these non-coding sequences that are conserved over long 
evolutionary periods can have an important role as a basis for human 
disease. To this end, it has been recently suggested that mutations in an 
enhancer that is conserved between human and F. rubripes causes a form 
of preaxial Polydactyly, a common limb malformation in children. This 
enhancer regulates the topology of expression of sonic hedgehog in 
limbs, from a distance of 1 million bp (Sharpe et al., 1999; Lettice et al., 
2002; Lettice et al., 2003). 
Flanking sequences of the HoxD gene complex are also found to be 
conserved in different vertebrates. During the vertebrate development, 
proteins encoding by the Hox gene family are required to properly 
instruct cell about their morphological fates. Stretches of hundreds of 
base pairs of the flanking regions in 7 kb region, upstream of HoxD 
complex, show 100% conservation across the vertebrate species. Using 
PCR primers from the human sequence, these conserved regions could be 
HoxD amplified from other vertebrate species, including other mammals, 
birds, reptiles, amphibians and fishes (Sabarinadh et al., 2004). 
Such an extreme conservation of several hundred nucleotides over 
half a billion years in a region that does not code for any known proteins 
certainly implicates essential role for such sequences, probably in the 
regulation of HoxD complex, no known regulatory element requires such 
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extreme conservation extending up to hundreds of base pairs. It is, 
therefore, likely that these elements could be the components of a novel 
mechanism common to all vertebrate that regulates this gene complex. 
Scientists are tempted to suggest that such a strongly conserved region 
from fish to human linked to a gene complex that is known to determine 
body axis formation may be the key determinant of molecular basis of 
early ontogeny. Some scientists also suggest that these elements may 
control the early expression pattern of HoxD, which leads to similar 
pattern of the embryo shape at early developmental stages of vertebrates. 
In the present study we have used genomic DNA of different 
organisms such as X phage, E. coli, lamprey, male and female catfish, 
Tilapia nilotica, Tilapia mossamhica (both from India as well as Japan), 
Rainbow trout and Human to investigate hybridization intensity of 
GATA-24 probe in the genome of the above mentioned organisms. If we 
see the hybridization pattern at the exposure of 24 hours, the maximum 
hybridization was found in the male and female catfish and minimum was 
in Human males. On the basis of careful observation of the results we 
have found that the intensity of hybridization was different in different 
genomes but the complementary sequences of GATA-24 is present in all 
of these organisms. If we scan the X virus genome on the basis of 
previous studies, it was found that the genome is very short and contains 
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a few genes such as regulatory DNA and protein coding genes. These 
genes are required for the synthesis of the capsid proteins. It is also well 
known that virus use all the machinery of protein synthesis of the host 
cell. The absence of these sequences in the virus indicates that viruses are 
dependent on the host machinery to fulfill its requirements of exercising 
regulatory effect of playing a role regulation of genes. 
On the basis of aforesaid discussion it can be concluded that these 
GATA sequences are conserved among analysed organisms. Careful 
observation of hybridization intensity of the applied probe indicates that it 
was hybridized more intensely in the genome of catfish, Tilapia 
mossambica, Tilapia nilotica, Rainbow trout, and lamprey indicating 
thereby, differential copy number of these sequences. This is most 
probably be due to the fact that all these organisms are phylogenetically 
placed together. The existence of these sequences even in Lamprey is 
interesting and is indicative of the conservation of these sequences even 
in the most primitive forms of chordates. The present study has, therefore, 
served the most useful pattern to establish the evolutionary relation in 
among different fish species. It would, however be interesting to analyse 
larger number of fish species to further strengthen this observation. It is 
also evident fi-om the present study that exposure time of the autorad 
often plays a critical role. Insufficient or too short exposure will not allow 
58 
Discussion 
faint signals arising due to lesser copy number of sequences to make its 
appearance thus leading to totally erroneous conclusion. Similarly over-
exposure (48 hours in the present study) results in the loss of delineation 
of differential signal intensity which can be observed most appropriately 
at 24 hours of exposure. 
The most significant outcome of the present study is that the 
conservation of the DNA regions show s^, which regions are functionally 
important. The higher the degree of conservation the more likely that a 
region is involved in some function, which may be intertwined with many 
aspects of either cellular function or development. Faced with billions of 
letters of DNA sequence information about conservation of sequences, 
allows scientists to sift through the genome of larger piscine species and 
choose much smaller key sections for further studies. 
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. Lvsis buffer 
1 M Sucrose 
IM Tris 
IM MgCb 
Triton lOOx 
APPENDIX-I 
160 ml 
5 ml 
2.5 ml 
5 ml 
Make up the solution 500 ml with distilled water and store at 4°C. 
2. 10% SDS (Sodium dodecvle sulphate): -
100 g of SDS dissolved in 1000 ml of H2O. The pH was adjusted to 
7.2 with cone. HCl. Store at room temperature (RT). 
3. Nuclease buffer 
5M NaCl 7.5 ml 
0.5M EDTA (pH 8.0) 24 ml 
Make up the solution 500 ml with distilled water. Store at RT. 
4. Proteinase K 
20 mg/ml 
Store at - 20 °C. 
5. 10:1 TE Buffer (for 10 ml.) 
2 M Tris 50 i^l 
0.5 M EDTA 20^1 
Make up the solution 10 ml with distilled water. Store at RT 
75 
APPENDIX-11 
1.2xSSC- qOOOml) 
NaCl 17.53 gm 
Sodium Citrate 8.82 gm 
Make up the solution 1000 ml with distilled water 
2. Kinase buffer (To make 5 ml) 
0.5M Tris (pH 7.4) 1.25 ml of 2M stock 
O.lMAgCb 0.5 ml of IM stock 
50 mM DithioThreitol 0.25 ml of IM stock 
H2O 3 ml 
3. Ix SSC (1000ml) 
NaCl 8.76 gm 
Sodium Citrate 4.4Igm 
Make up the solution 1000 ml with distilled water 
4. Hybridization buffer [50x Denhardts solution (0.5 gm FicoU, 0.5 gm 
polyvenylpyrrolidine, 0.5 gm BSA in 50 ml of DDW); 5x SSPE (43.3 gm 
Nacl, 6.9 gm NaHj P04.H2O and 1.85 gm EDTA in 1 litre DDW; PH 7.4); 
lO i^g/ml E.coli DNA as a carrier and 1%SDS] 
5. 0.1%SDS 
Take 1 gm from the SDS bottle brought to 1 liter 
6. 20x SSC (lOOOml) 
NaCl 175.3 gm 
76 
Sodium Citrate 88,2 gm 
Make up the solution 1000 ml with distilled water 
(Adjust the pH to 7.0 with few drops of NaOH). 
7. NEB buffer 
Enzyme specific buffer with BSA (NEB, USA) 
8. 6x loading dye 
0.25% Bromophenol blue 0.125 gm 
0.25% Xylene Cynol 0.125 gm 
Ficoll (type 400) 1.5 gm 
Dissolved in 50 ml DDW 
9.0.5xTBE(1000mn 
Trisbase (IM) 3.20 gm 
Boric Acid (IM) 1.54 gm 
EDTA-Na2.2H20 (20mM) 0.18gm 
Make up the solution 1000 ml with distilled water 
10. 0.5MEDTA 
EDTA 186.1 gm 
Make up the solution 1000 ml with distilled water 
11. 3 M Sodium acetate 
Sodium Acetate 408.1 gm 
Make up the solution 1000 ml with distilled water 
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